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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the phase change optical recording medium which 

irradiates laser light and performs informational record and playback. 

[0002] 

[Description of the Prior Art] The optical recording medium supports the prosperity of the personal 
computer of these days as bulk-store media which have large capacity nature, rapid access nature, and 
medium portability. Especially, since the principle of operation is simple, as for the phase change optical ; 
recording medium, utilization is progressing quickly. The principle of a phase change optical recording | 
medium is as follows. That is, at the time of record, after irradiating the laser beam of a short pulse by 
high power comparatively at a phase change optical recording layer and heating a record part more than ; 
the melting point, it quenches and an amorphous record mark is formed. At the time of playback, 
recording information is read by detecting reflection factor change of a record part. At the time of 
elimination, after irradiating the laser beam of a long pulse by low-power output rather than the time of ; 
record at a phase change recording layer, it crystallizes by cooling slowly and holding under to the 
melting point beypnd crystallization temperature. 

[0003] In order to read reflection factor change of an amorphous substance-crystalline substance with a : 
phase change optical recording medium as mentioned above, the structure of optical system is easy. 
Moreover, a field is not needed like a magneto-optic-recording medium, but overwrite (over-writing) by : 
optical intensity modulation is easy, and also has the description that a data transfer rate is quick. 
Furthermore, it excels also in compatibility with the media only for playbacks including CD-ROM. 
[0004] In order to raise the recording density of a phase change optical recording medium, it is possible 
to shorten record mark spacing, to make a record mark small, etc. Among these, in order to shorten 
record mark spacing, a land / groove record (ratio-of- length-to-diameter record), mark length record, etc. : 
are proposed. By setting the depth of a groove about [ of laser wavelength ] to 1/6, and reducing a cross • 
talk, L/G record enables record to a land and a groove, and can expect twice [ about ] as many 
densification as this as compared with the method recorded only on a conventional land or a 
conventional groove. Mark length record detects reflection factor change (differential component of a 
reflection factor) of the record mark edge section, and can expect about 1 .5 times as many densification 
as this compared with the conventional mark position record. If the super resolution technique proposed . 
to the ROM medium etc. is used in addition to such a densification record technique, it is expected that \ 
it is possible to raise the recording density of 650Mbpsi(s) (bit/inch2) ten to 20 times in the present 
condition. 

[0005] In order for mark length record to attain improvement in recording density, it is necessary to 
determine a mark edge location correctly. However, in order that fluctuation of a mark edge location 
may be large and may cause the increment in a jitter on a substrate with the conventional phase change ■ 
optical recording medium of 4 layer structures which carried out the laminating of a lower protective 
layer, a phase change optical recording layer, an up protective layer, and the total reflection layer, track ■ 
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recording density cannot be raised, so that it is expected. 

[0006] The direction of the rate of light absorption of the amorphous section (Aa) depends one of the 
causes of changing a mark edge in the conventional phase change optical recording medium on it being 
higher than the rate of light absorption of the crystal section (Ac). That is, considering over- writing on 
the conditions of Aa>Ac, since the crystal section has the small rate of light absorption and a top with 
few temperature rises takes latent heat to it, as compared with the amorphous section, it is hard to fuse it. ■ 
For this reason, the sizes of the record mark in which it is newly formed which is the field [ over- write / i 
field ] among a crystallized state and an amorphous state will differ. 

[0007] In order to control turbulence of the mark edge section at the time of the above over- writing 
records, it is desirable to also take the latent heat of the crystal section into consideration, and to fulfill 
the conditions of Aa<=Ac, Ac/Aa>=l [ i.e., ]. In order to realize the conditions of Ac/Aa>=l, replacing : 
with 4 layer structures of the lower protective layer and phase change optical recording layer which were- 
mentioned above, an up protective layer, and a total reflection layer, and improving the laminated 
structure of a phase change optical recording medium is proposed. For example, the laminated structure S 
which prepared the translucent reflecting layer instead of the total reflection layer on the up protective 
layer is known (ISOM/ODS-joint international conference proceeding, p.71 (Th.3.5)). This laminated 
structure realizes the conditions of Ac/Aa>=l effectually by making a part of light penetrate by the 
translucent reflecting layer. Moreover, the laminated structure which inserted the translucent reflecting ; 
layer between the substrate and the lower protective layer is known (USPS ,43 1,978). In this laminated 
structure, the conditions of Ac/Aa>=l are effectually realized using the interferential action of light. 
[0008] However, in the phase change optical recording medium to which the mark length recording 
method was made to correspond in this way, it originates in the fall of the heat dissipation property by 
having prepared the translucent reflecting layer, and the problem that a recording rate falls repeatedly 
according to increase of the thermal load of a phase change optical recording layer arises. And if the j 
heat response time at the time of an optical exposure accumulates comparatively long and adopts L/G 
record, the problem of being easy to eliminate the record mark edge of an adjoining truck (cross erasion) ] 
will arise. 

[0009] Moreover, the problem by the crystalline structure after initial crystallization differing from the ; 
crystalline structure after elimination of the 2nd henceforth is also pointed out. If the over-write after 
passing through elimination of the 2nd henceforth especially, the big and rough crystalline structure 
considered to have crystallized after melting exists around a record mark. For this reason, the increment \ 
in the jitter accompanying the heterogeneity of the crystalline structure poses a problem. And since C/N j 
at the time of the over-writing record after elimination of the 2nd henceforth falls extremely as 
compared with immediately after initialization, it is the cause that a repeat recording rate is restricted. 
[0010] In order to adjust the crystalline structure after elimination of such the 2nd henceforth, the phase ; 
change optical recording medium which formed irregularity in the interface of a lower protective layer j 
and a phase change optical recording layer is known (JP,6-1 80861, A). In this phase change optical 
recording medium, area of an interface with a phase change optical recording layer is made large by 
preparing irregularity in a lower protective layer, and it becomes easy about generation of a crystalline 
nucleus, and even if it performs many record and elimination, the crystal grain child size of the crystal 
section can be stabilized. 

[001 1] However, in order to have manufactured this phase change optical recording medium, after 
forming a protective layer by sputtering, by preparing and carrying out dry etching of the mask, 
irregularity needed to be formed and there was a problem that a production process became complicated. ■ 

[0012] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the phase change 
optical recording medium in which there is little turbulence of the record mark edge section, and the 
high density record suitable for mark edge record is possible. 
[0013] 

[Means for Solving the Problem] In the phase change optical recording medium possessing the phase 
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change optical recording layer which changes between two conditions of a crystallized state and an 
amorphous state by optical exposure, the phase change optical recording medium of this invention 
adjoins a phase change optical recording layer, consists of mixed film which distributed metal particles ; 
in the dielectric, and is characterized by preparing the seed layer which has the operation which controls 
the crystal grain child size of a phase change optical recording layer. 
[0014] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. Between a 
crystallized state and an amorphous state is reversibly changed in the phase change optical recording 
layer which constitutes the phase change optical recording medium of this invention by optical 
exposure, and the ingredient with which optical properties differ among both conditions is used for it. 
Specifically, GeSbTe, InSbTe, SnSeTe, GeTeSn, InSeTICo, etc. are mentioned. As for the area of the 
crystal grain child of a phase change optical recording layer, it is desirable to be maintained by 1/20 or 
less [ of the minimum record mark area ]. For this reason, as for the crystal grain child size of a phase 
change optical recording layer, it is desirable to be maintained by 5-100nm and further 5-50nm. 
[0015] In the phase change optical recording medium of this invention, the seed layer which has the 
operation which adjoins a phase change optical recording layer and controls the crystal grain child size ; 
of a phase change optical recording layer is prepared. A seed layer may be adjoined and prepared in one 
field of the phase change optical recording layers, and may be adjoined and prepared in both sides. This j 
seed layer consists of mixed film which distributed metal particles in the dielectric. A seed layer has the ; 
melting point higher than a recording layer ingredient, and melting and not to recrystallize are demanded; 
by the exposure of laser light. In order to control the crystal grain child size of a phase change optical 
recording layer in the above-mentioned range, it is desirable that the grain size of the metal particles in a j 
seed layer is also 5-100nm and further 5-50nm. 

[0016] Moreover, since gradual heating and colding of the phase change optical recording layer is 
carried out at the time of rapid heating quenching and elimination at the time of record, as for a seed 
layer, excelling in the controllability of heat conduction is desirable. Furthermore, as for a seed layer, 
excelling also in the controllability of an optical constant is desirable so that the ratio of the rate of light : 
absorption of the amorphous section of a phase change optical recording layer and the crystal section 
may fiilfill the conditions of Ac/Aa>=l . 

[0017] From these viewpoints, the following is mentioned as a suitable ingredient for the metal particles j 
and the dielectric which constitute a seed layer. As metal particles, a metal or an alloy with the 
comparatively high melting point is desirable. One or more sorts specifically chosen from the group 
which consists of Fe, Co, Cr, Ti, Cu, Au, Pt, Pd, Ag, nickel, V, Mo, W, and Ta are used. As a dielectric, ; 
the oxide system ceramics 2, for example, SiO^SiO, ZnO, aluminum 203, CeO, Ta 205, and V2 05, 
CaO; The nitride system ceramics, for example, A1N, Si3 N4, BN, TiN, VN, NbN, TaN, HfN, the ZrN; ; 
carbide system ceramics, for example, TiC, ZrC, HfC, VC, TaC, NbC, and WC, B4 C, SiC; one or more j 
sorts chosen from the group which consists of ZnS and SIALON (sialon) in addition to this are used. 
{0018] Since metal particles make thermal conductivity high and a dielectric makes thermal conductivity: 
low, by adjusting both ratio, the thermal conductivity of a seed layer can be adjusted and an optical 
constant can also be adjusted to coincidence. In order to obtain desired thermal conductivity and a 
desired optical constant, as for the volume fraction of the metal particles in a seed layer, it is desirable 
that it is 2 - 20%. 

[0019] The following approaches are used for forming the seed layer in this invention. For example, the j 
approach of carrying out the spatter of a metal target and the dielectric target coincidence or by turns; 
the approach of carrying out a spatter coincidence or by turns into the inert gas ambient atmospheres 
(Ar, Ne, Rr, etc.) containing oxygen, nitrogen, or carbon etc. can be used using the target which consists \ 
of two or more metallic materials. A separate target may be used by any approach and a multicomponent; 
target may be used. The grain size of the metal particles in a seed layer, a volume fraction, the thermal 
conductivity of a seed layer, and an optical constant are controllable by setting to these approaches, and : 
choosing and controlling process parameters, such as injection power, the ultimate-pressure force, a 
spatter pressure, a reactant type of gas, substrate bias, substrate temperature, and an additive. 
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[0020] The phase change optical recording medium of this invention has the structure which carried out 
the laminating of the various layers containing the phase change optical recording layer and seed layer j 
which were mentioned above on the substrate. Specifically, the following laminated structures are 
mentioned. 

[0021] For example, the laminated structure in which the seed layer, the phase change optical recording j 
layer, the up protective layer, and the reflecting layer were formed on the substrate is employable. In this; 
case, as for the thickness of a seed layer, it is desirable to be referred to as 10-20nm. In addition, the 
layer for adjusting thermal conductivity or the rate of light absorption between a substrate and a seed 
layer or between an up protective layer and a reflecting layer may be inserted. 
[0022] It is good also as a laminated structure in which the lower protective layer, the phase change 
optical recording layer, the seed layer, and the reflecting layer were formed on the substrate. In this case, \ 
as for the thickness of a seed layer, it is desirable to be referred to as 50-250nm. In addition, the 
reflection factor of a seed layer may be gathered and a reflecting layer may be omitted. Moreover, the 
layer for adjusting thermal conductivity or the rate of light absorption between a substrate and a lower 
protective layer or between a seed layer and a reflecting layer may be inserted. 
[0023] It is good also as a laminated structure in which the 1st seed ***♦, the phase change optical 
recording layer, the 2nd seed layer, and the refliecting layer were formed on the substrate. In this case, as ' 
for the thickness of 20-200nm and the 2nd seed layer, it is [ the thickness of the 1st seed layer ] desirable 1 
to be referred to as 50-200nm. In addition, the reflection factor of the 2nd seed layer may be gathered 
and a reflecting layer may be omitted. Moreover, the layer for adjusting thermal conductivity or the rate 
of light absorption between a substrate and the 1 st seed layer or between the 2nd seed layer and a 
reflecting layer may be inserted. 

[0024] A polycarbonate (PC), polymethylmethacrylate (PMMA), etc. can be used as an ingredient of a i 
substrate. The groove for a tracking guide is prepared in the front face of a substrate. 
[0025] As an ingredient of a protective layer, the dielectric which consists of an oxide, a nitride, carbide, ; 
a boride, a sulfide, fluorides, or such mixture can be used. A translucent reflecting layer or a total 
reflection layer is sufficient as a reflecting layer. What was formed in thin thickness so that light 
transmission nature might be shown as a translucent reflecting layer using the alloy containing 
aluminum, Au, Cu, or these is mentioned. Moreover, the ingredient with which thick films, such as Si, 
also have light transmission nature can also be used. What was formed in thick thickness so that light 
transmission nature might not be shown as a total reflection layer using the alloy containing aluminum, : 
Au, Ti, Cr, Mo, Cu, or these is mentioned. 

[0026] In the phase change optical recording medium of this invention, in order to prevent the camber of: 
a substrate and to stabilize record playback actuation, the opposite substrate which consists of the 
quality of the material same on the maximum upper layer as the above-mentioned substrate may be 
pasted up. For example, ultraviolet-rays hardening resin can be used for a glue line. 
[0027] 

[Example] Hereafter, the example of this invention is explained. ; 
The sectional view of the phase change optical recording medium in this example is shown in example 1 ; 
drawing 1 . the polycarbonate substrate 1 1 top -- Au - ZnS-Si02 The seed layer 12 which consists of 
mixed film distributed to inside, the phase change optical recording layer 13 which consists of GeSbTe, : 
and ZnS-Si02 from — sequential formation of the becoming protective layer 14 and the reflecting layer = 
15 which consists of Au is carried out. 

[0028] This phase change optical recording medium is the following, and was made and produced. Ar 
gas was introduced, after equipping the substrate electrode holder in plural sputtering systems with the \ 
polycarbonate substrate 1 1 with a groove and carrying out evacuation of the inside of equipment. 
Sputtering was performed making a substrate electrode holder self-revolve around the sun, and 
sequential formation of each class was carried out. First, ZnS-Si02 RF power and DC power were 
supplied to the target and Au target, respectively, coincidence sputtering of 2 yuan was performed, and • 
the seed layer 12 of 50-200nm of thickness was formed on the substrate 1 1 . At this time, by adjusting 
the injection power and thickness to both targets, the mixing ratio of the metal/dielectric of the seed 
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layer 12 was changed, and an optical constant, thermal conductivity, the particle size of metal particles, 
and a grain spacing were controlled. In addition, particle size and a grain spacing are also controllable 
by the bias power adjustment to a substrate, a substrate temperature control, etc. Next, RF power was 
supplied to the GeSbTe target, sputtering was performed, and the phase change optical recording layer ; 
13 of lOnm of thickness was formed on the seed layer 12. ZnS-Si02 RF power was supplied to the 
target, sputtering was performed, and the protective layer 14 of 200nm of thickness was formed on the 
phase change optical recording layer 13. Finally, DC power was supplied to Au target, sputtering was 
performed, and the reflecting layer 15 of 50nm of thickness was formed on the protective layer 14. 
[0029] By the above-mentioned approach, the seed layer 12 with various grain size, a grain spacing, an 
optical property, and thermal conductivity was formed, and the phase change optical recording medium ; 
was produced. The conditions shown below about the obtained phase change optical recording medium ; 
estimated record/reproducing characteristics. Moreover, in order to investigate the structure of a seed 
layer and a phase change optical recording layer to the medium which evaluation ended, TEM 
observation was carried out after performing sample processing. 

[0030] record/playback condition light source wavelength: 685nm objective lens NA:0.6 track pitch: - ; 
- 0.7-micrometer shortest mark length: — 0.4-micrometer linear-velocity: - 6 m/s modulation-code: ~ 
8/16 modulation window width: — the area of the minimum mark on the conditions of 36ns above - 

0. 1 9micrometer2 It becomes. 

[0031] The relation between the grain size of the seed layer by TEM observation and the crystal grain 
child size of the phase change optical recording layer after initial crystallization is shown in drawing 2 . 
Although the crystal grain child size of a phase change optical recording layer showed a little bigger 
value than the grain size of a seed layer, both were proportional well and it became clear that the crystal • 
grain child size of a phase change optical recording layer is dependent on the grain size of a seed layer. 
[0032] The relation between the crystal grain child size of a phase change optical recording layer and a j 
jitter is shown in drawing 3 . The jitter currently displayed here is defined as a ratio of the jitter in the 
edge location to window width. In lOOnm or less, a jitter becomes 15% or less, and the crystal grain 
child size of a phase change optical recording layer especially shows the very good property around 3% i 
by 50nm or less (about 2% or less of area ratios to the minimum mark) so that clearly from drawing 3 . 
[0033] For the comparison, ZnS-Si02 of lOOnm of thickness, GeSbTe of 15nm of thickness, ZnS-Si02 ! 
of 200nm of thickness, and Au of 50nm of thickness were formed on the polycarbonate substrate, and 
the conventional phase change optical recording medium was produced. When the same conditions as 
the above estimated this phase change optical recording medium, the jitter averaged and was 10%. 
[0034] As mentioned above, in the phase change optical recording medium in this invention, the seed ' 
layer is very effective in control of the crystal grain child size of a phase change optical recording layer, ; 
and can acquire a jitter property very good as the result. 

[0035] The sectional view of the phase change optical recording medium in this example is shown in 
example 2 drawing 4 . They are the protective layer 22 which consists of ZnS-SIALON on the 
polycarbonate substrate 21, the phase change optical recording layer 23 which consists of InSbTe, and 
aluminum ZnS-Si02 Sequential formation of the seed layer 24 which consists of mixed film distributed ; 
to inside, and the reflecting layer 25 which consists of AlMo is carried out. 

[0036] This phase change optical recording medium was produced by the same actuation as an example 

1. Ar gas was introduced, after equipping the substrate electrode holder in plural sputtering systems with 
the polycarbonate substrate 21 with a groove and carrying out evacuation of the inside of equipment. 
Sputtering was performed making a substrate electrode holder self-revolve around the sun, and 
sequential formation of each class was carried out. First, RF power was supplied to the ZnS-SIALON 
target, sputtering was performed, and the protective layer 22 of 220nm of thickness was formed on the i 
substrate 2 1 . Next, RF power was supplied to the InSbTe target, sputtering was performed, and the 
phase change optical recording layer 23 of 1 5nm of thickness was formed on the protective layer 22. 
ZnS-Si02 RF power and DC power were supplied to the target and aluminum target, respectively, 
coincidence sputtering of 2 yuan was performed, and the seed layer 24 of 50-200nm of thickness was 
formed on the phase change optical recording layer 13. At this time, by adjusting the injection power 
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and thickness to both targets, the mixing ratio of the metal/dielectric of the seed layer 24 was changed, 
and an optical constant, thermal conductivity, the particle size of metal particles, and a grain spacing 
were controlled. In addition, particle size and a grain spacing are also controllable by the bias power 
adjustment to a substrate, a substrate temperature control, etc. Finally, DC power was supplied to the 
AlMo target, sputtering was performed, and the reflecting layer 25 of 70nm of thickness was formed on ■ 
the seed layer 24. 

[0037] Record/playback evaluation and TEM observation were performed on the conditions same about j 
the obtained phase change optical recording medium as an example 1 . The relation between the crystal : 
grain child size of a phase change optical recording layer and a jitter is shown in drawing 5 . In lOOnm 
or less, a jitter becomes 12% or less, and the crystal grain child size of a phase change optical recording \ 
layer especially shows the very good property around 3% by 50nm or less (about 2% or less of area 
ratios to the minimum mark) so that clearly from drawing 5 . 

[0038] As mentioned above, in the phase change optical recording medium in this invention, even when [ 
a seed layer is prepared in a reflecting layer side to a phase change optical recording layer, a very good j 
jitter property can be acquired. 

[0039] The sectional view of the phase change optical recording medium in this example is shown in 
example 3 drawing 6 . On the polycarbonate substrate 31, it is Si3 N4 about aluminum. Sequential 
formation of the 1st seed layer 32 which consists of mixed film distributed to inside, the phase change 
optical recording layer 33 which consists of GeSbTe, and the 2nd seed layer 34 which consists of mixed : 
film which distributed Co in ZnS is carried out. 

[0040] This phase change optical recording medium was produced by the same actuation as an example : 
1. Ar gas was introduced, after equipping the substrate electrode holder in plural sputtering systems with ! 
the polycarbonate substrate 31 with a groove and carrying out evacuation of the inside of equipment. 
Sputtering was performed making a substrate electrode holder self-revolve around the sun, and 
sequential formation of each class was carried out. First, Si3 N4 RF power was supplied to the target 
and aluminum target, sputtering was performed, and the 1st seed layer 32 of 150nm of thickness was 
formed on the substrate 3 1 . Next, RF power was supplied to the GeSbTe target, sputtering was 
performed, and the phase change optical recording layer 33 of 13nm of thickness was formed on the 1st j 
seed layer 32. Finally, RF power and DC power were supplied to the ZnS target and Co target, 
respectively, coincidence sputtering of 2 yuan was performed, and the 2nd seed layer 34 of 50-200nm of; 
thickness was formed on the phase change optical recording layer 1 3. At this time, by adjusting the 
injection power and thickness to both targets, the mixing ratio of the metal/dielectric of the 2nd seed 
layer 34 was changed, and an optical constant, thermal conductivity, the particle size of metal particles, j 
and a grain spacing were controlled. In addition, particle size and a grain spacing are also controllable 
by the bias power adjustment to a substrate, a substrate temperature control, etc. 

[0041] Record/playback evaluation and TEM observation were performed on the conditions same about j 
the obtained phase change optical recording medium as an example 1 . The relation between the crystal 1 
grain child size of a phase change optical recording layer and a jitter is shown in drawing 7 . In lOOnm 
or less, a jitter becomes 10% or less, and the crystal grain child size of a phase change optical recording j 
layer especially shows the very good property around 4% by 50nm or less (about 2% or less of area 
ratios to the minimum mark) so that clearly from drawing 7 . 

[0042] As mentioned above, in the phase change optical recording medium in this invention, a jitter 
property also with the very good configuration which prepares a seed layer in both sides of a phase 
change optical recording layer, and does not prepare a reflecting layer can be acquired. [0043] 
[Effect of the Invention] As explained in full detail above, even when a minute record mark is formed in I 
mark length record according to this invention, a phase change [ with the small turbulence of a mark 
edge ] optical recording medium with a good jitter property can be offered. 



[Translation done.] 
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